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(71) We, IMPERIAL CHEMICAL 
INDUSTRIES LIMITED of Imperial 
Chemical House, Millbank, London, S.W.L, 
a British Company, do hereby declare the in- 

5 vention, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly de- 
scribed in and by the following statement: — 
The present invention relates to the poly- 

10 merisation of propylene. 

British Patent 853,127 claims the polymeri- 
sation of propylene using a catalyst which is 
generally of tie Ziegler type, preferably in 
the presence of an inert hydrocarbon solvent, 

15 by polymerising propylene at a temperature in 
excess of its critical temperature, preferably 
100 — 250°C, and preferably under a minimum 
pressure of propylene which is directiy pro- 
portional to the temperature, being at least 

20 1000 p.si at 100°C and 11,000 p.s.i. at 
250°C 

In the specification of British Patent 853,127, 
it is stated that the polymerisation is preferably 
carried out in the presence of a diluent con- 

25 taining the active catalyst in either dissolved 
or finely dispersed form. 

A variety of catalysts are used in the Ex- 
amples, the metal components being VC1 4 , 
TiCU+VCk TiQ 4 and TiC^* VOC^; the 

30 activator being aluminium tri-isobutyl or lith- 
ium aluminium tetraheptyL The polypropylene 
obtained is stated to be a crystalline material. 

According to the present invention there is 
provided a process of polymerising propjdene 

35 wherein propylene is polymerised at a tem- 
perature in excess of 100°C and a pressure of 
at least 600 atmospheres using a Ziegler type 
catalyst which is a combination of an organo- 
aluminium activator and solid compound of a 

40 transition metal of sub-groups IVA to VTA of 
the Periodic Table, wherein said solid com- 
pound of a transition metal has been finely 
dispersed by using the said solid compound, 
either alone, or in the presence of the organo- 



aluininium activator, as a catalyst for the poly- 45 
merisation of a minor proportion of up to 100 
moles/mole of transition metal compound of 
an la-olefine under conditions to produce an 
amorphous polymer (as hereinafter defined). 

Since the process is operated at a tempera- 50 
ture of propylene, it will be appreciated that 
the propylene will be gaseous under all con- 
ditions of pressure. 

The polymer obtained by the process of the 
present invention is polypropylene of low crys- 55 
tallinity. By adjusting the reaction conditions 
the molecular weight of the polymer can be 
varied within quite wide limits. Thus, using a 
low polymerisation temperature, such as 110°C 
and a high pressure such as 2500 atmospheres, 60 
the polymer obtained has a relatively high 
molecular weight as indicated by a melt flow 
index (measured by ASTM Test Method 
1238— 62T using a 2.16 kgm weight at 190°Q 
of 2.4. However, using a polymerisation tern- 65 
perature of 170°C or higher a low molecular 
weight product (MFI is 1000 or more) is 
obtained. Using intermediate reaction condi- 
tions, polymers of differing characteristics can 
be obtained. 70 

It is preferred to operate a single phase 
system, and to obtain a single phase, a pres- 
sure of at least 600 atmospheres is used. Higher 
pressure are preferred, a convenient pressure 
being about 2000 atmospheres, although pres- 75 
sures up to about 3000 atmospheres or possibly 
even above this, can be used if this is desired. 

It should be appreciated that the present 
invention offers several advantages over the 
low pressure processes using Ziegler catalysts. 80 
Thus, the low pressure process in many cases 
is effected using a suspension of catalyst in 
an inert hydrocarbon diluent in which the ole- 
fine monomer is dissolved. This process is 
slow, taking several hours, and uses substantial 85 
quantities of catalyst relative to the amount 
of polymer produced. Furthermore, in effect- 
ing polymerisation in diluent, some soluble 
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polymer can be formed and this can result in 
a viscous slurry being obtained which is diffi- 
cult to handle. With die process of the present 
invention, conversion is attained quickly, typi- 
5 cally in less than four minutes. In general the 
conversion of monomer to polymer relative to 
the amount of catalyst used is greater using the 
present process than is attained using conven- 
tional low pressure processes using Ziegler 

10 catalysts in a diluent Finally it is preferred 
that the process is carried out at high pressure 
in a single fluid phase under conditions such 
that the polymer produced does not form a 
separate solid or liquid phase. Solutions of 

15 polymers in a supercritical gas have a low vis- 
cosity, which is much less than that of the 
liquid phase when effecting polymerisation in 
a liquid diluent at low pressures and thus it is 
desirable and advantageous to operate, in as 

20 far as this is possible, with monomer mixtures 
in the supercritical state. 

The transition metals, the compounds of 
which may be used in the process of the pre- 
sent invention, include zirconium, vanadium 

25 and particularly titanium. Suitable compounds 
of vanadium can be prepared by the reduction 
of a solution of hydrocarbon soluble vanadium 
compound with an organo-aluminium reducing 
agent, to give a precipitate of an insoluble 

50 vanadium compound wherein the vanadium has 
a decreased valency. Suitable vanadium com- 
pounds for this purpose include VOQ, and 
VCl* which can be reduced using compounds 
such as alurntnium triethyl or aluminium di- 

35 ethyl halide. 

-However, we prefer to use titanium com- 
pounds and in particular titanium trichloride. 
The term "titanium trichloride" is used in 
the manner common in the art to include not 

40 only pure titanium trichloride, but also compo- 
sitions in which titanium trichloride is asso- 
ciated with other materials particularly with 
aluminium - compounds such as duminium 
trichloride. The various forms of titanium tri- 

45 chloride which can be used may be prepared 
as follows: 

(1) Pure titanium trichloride may be ob- 
tained as the product obtained by heating a 
mixture of TiQ 4 vapour and hydrogen, or by 

50 heating together the stoicMometric quantities 
of TiQ 4 and titanium metal 

(2) A product sold commercially and re- 
ferred to as titanium trichloride is made by 
the reduction of TiCl 4 with metallic aluminium 

55 has the -approximate empirical formula 
AlTiaCljs and is a mixed crystal of Tida and 
AIQ3 in the approximate molar proportions of 
3 : 1. This material may be prepared by adding 
metallic aluminium and aluminium trichloride 

60 to TiQ* being heated under reflux and then 
separating the mixed crystal product from the 
excess nnrracterl TiQ 4 , for example by distil- 
lation at low pressure as described in British 
Patent No. 877,050. Preferably the product is 

65 ground before being used as a catalyst, for 



example in a dry ball-mill Alternatively, the 
mixed crystal product may be obtained by 
ball-milling an excess of titanium tetrachloride, 
with metallic aluminium for example at tem- 
peratures up to 200°C 70 

(3) A particularly preferred method of pre- 
paring titanium trichloride is by reacting titan- 
ium tetrachloride with aluminium alkyls or 
aluminium halogen alkyls, for example alum- 
iniumtriisobutyl, alnmininmdiisobutyl mono- 75 
hydride, alunimiunimonoethyldichloride, alum- 
inhimdiethyl monofluoride, and preferably 
aluniiniumdiethyl monochloride or aluminium- 
ethyl sesiquxchloride. The titanium tetrachlor- 
ide and the organo-aluminium compound are 80 
reacted at a temperature in the range from 
-100°C to + 100°C, and advantageously 
from — 20°C to +40°C, the molar ratio of 
duminium to titanium being 0.1 to 4.0 and 
preferably 0.3 to 2.0. The brownish red tri- 85 
valent titanium precipitate thus obtained can 
be heated at once for 1 to 5 hours at 60 to 
120°Q or the precipitate can be washed with 
an inert organic medium such as that in which 
the reduction of the tetravalent titanium to 90 
the trivalent titanium has taken places and 
then heated. The precipitated titanium tri- 
chloride component may be heated more than 
once if this is desired. Care must be taken 
that all the operations are carried out with the 95 
exclusion of oxygen and moisture. The titan- 
ium trichloride component thus obtained con- 
tains duminium chloride and will normally 
also include an organo-aluminium halide. 

If desired mixtures of the transition metal 100 
compounds can be used, for example a mix- 
ture of titanium and vanadium chloride. 

In describing the technique of dispersing 
the catalysts, the term "amorphous polymer" 
is used to include polymers which, under the 105 
particular polymerisation conditions used, are 
swollen by the diluent and cause fracturing of 
the catalyst particles. These "amorphous poly- 
mers 3 ' may be the polymers of monomers which 
under normal polymerisation conditions form 110 
crystalline polymers and do not cause break- 
down of the catalyst particles. 

The production of the solid transition metal 
compound as a fine dispersion by using the 
said compound, either alone or together with 115 
the organo-aluminium activator as a catalyst 
for the production of a minor proportion of 
an amorphous polymer can be referred to as 
the "catalyst pretreatment w or simply "pre- 
treatment" and a large number of different 120 
catalyst pretreatments may be used. The pre- 
ferred solid transition metal compound is 
titanium trichloride and the pretreatment steps 
enumerated below are described in respect of 
the use of titanium trichloride. 125 

(A) To titanium trichloride there is added 
an organo-alurninium activator such as an 
aluminium alkyl or preferably an aluminium 
halogenalkyL The polymerisation catalyst thus 
produced is then used to polymerise an un- 130 
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branched o-olefin containing at least 5 carbon 
atoms, advantageously pentene-(l) s hexene-(l), 
heptene-(l), octene-(l) or another such olefine 
within the range from hexene-(l) to hexa- 

5 decene-(l), the polymerisation being effected 
either in die undiluted a-olefines themselves or 
in their solutions in an oxygen-sulphur- and 
olefine-free organic media, for example an 
aromatic, aliphatic or cycloaliphatic hydrocar- 

10 boa It is advantageous to choose the propor- 
tion of trivalent titanium to a-olefine con- 
tained in the polymerisation catalyst in a man- 
ner such that for each trivalent titanium atom, 
3 to 20, preferably 5 to 20, «-olefine mole- 

!5 cules are present. Preferably the polymerisa- 
tion of the specified unbranched a-olefines is 
effected at temperatures of 60°C and below, 
for example 50°C and even room temperature. 
The catalyst thus obtained is dispersed in a 

20 finely divided, virtually colloidal, form and 
substantially all the particles have a diameter 
not exceeding 5 microns and in many cases 
less than 1 micron. 

(B) As in pretreatment procedure (A), an 
25 organo-aluminium activator is added to the 

titanium trichloride. This catalyst system is 
then used to polymerise an ^olefine selected 
from ethylene, propylene and butene-1 at a 
temperature of at least 60°C. For ethylene 

30 and propylene a temperature of at least 100°C 
should be used, whilst for butene-1 the desired 
dispersion effect may be obtained at a tem- 
perature of about 60°C and above, the tem- 
perature used for the pretreatment being de- 

35 pendent primarily on the a-olefine being poly- 
merised. The amount of a-olefin used should 
be sufficient to fracture the catalyst and a 
convenient amount is 8—10 moles of an a- 
olefine per mole of trivalent titanium. Prefer- 

40 ably this pretreatment is effected in an inert 
diluent 

(C) This is similar to pretreatment (B) in 
that ^involves the pretreatment of the titan- 
ium trichloride and organo-aluminium activa- 

45 tor with an er-olefin at elevated temperature. 
In this case the a-olefines are the branched 
chain a-olefines such, for example, 3 - methyl 
butene-1, 3-methyl pentene-1, 4-methyl pen- 
tene-L The polymerisation conditions used 

50 are such that these a-olefines are polymerised 
to give an amorphous polymer. The polymeri- 
sation temperature used should be at least 
100°C. 

(D) This is similar to pretreatment (A) in 
55 that the pretreatment involves the use of both 

the titanium trichloride and the organs alum- 
inium activator. In this pretreatment a mix- 
ture of ia-olefines is copolymerised to give an 
amorphous copolymer in which the monomer 

60 constituents are randomly distributed within 
the polymer chain. The temperature of the 
pretreatment may conveniently be in the range 
20° to 100°C and in general a temperature 
of about 60°C will be satisfactory. Suitable 

65 monomer mixtures for the pretreatment in- 



clude, for example, ethylene/propylene, ethyl- 
ene/butene-1 and propylene /butene-1 . Mix- 
tures of the linear <a-olefines of pretreatment 
(A) can also be used. The quantity of mono- 
mers used in this pretreatment may be up to 70 
100 moles per mole of trivalent titanium. 

(E) In this pretreatment the titanium tri- 
chloride is used as 1 a polymerisation catalyst 
in the substantial absence of added organo- 
aluminium activator. The absence of added 75 
organo-alurninium activator does not preclude 

the presence of small amounts of activator 
which may be present in the titanium com- 
ponent as a result of its method of preparation. 
The oHolefine used in the pretreatment is at 80 
least one la-olefine of from 2 to 16 carbon 
atoms including for example, ethylene, butene- 
1, 4-methyl pentene-1, octene-1, decene-1, do- 
decene-1, tetradecene-1, and hexadecene-1. 
The treatment is conveniently effected at a 85 
temperature in the range 0 — 50° C and the 
amount of o-odefine used is in the proportion 
of 0.2 tio 2.5 moles of monomer per mole of 
trivalent titanium. The actual amount of 
monomer is dependent on the nature of the 90 
monomer, but in general 1.5 mobs of mono- 
mer per mole of titanium provides a satisfac- 
tory effect 

(F) The titanium trichloride, together with 

an organo-durninium compound, is used to 95 
polymerise a minor proportion of an ^olefine 
in die presence of a polymerisation inert dilu- 
ent which is a saturated or unsaturated cyclic 
compound the a-olefine being a branched chain 
olefine of formula: — 100 

CH3— CH(GHa) n CRo R3 

or an olefine of formula 

CH 2 -CH— (CH 2 ) m R, 

where 

n is 1 or 2 105 
m is 0, 1 or 2 

Rj is hydrogen or an alkyl group 
R 2 and Rg are alkyl groups and 
R 4 is a cycloalkyl, cycloalfoenyl or aromatic 
ring system which ring system 110 
may be substituted with alkyl groups. 
The inert diluent can be cyclohexane, 
methylcyclohexane, cyclohexane, benzene, 
toluene, chlorobenzene, tetralirf and decalin. 
The monomers can be 4-methyl pentene-1, 5- 115 
methyl hexene-1, vinyl cyclohexane or styrene. 
Mixtures of the specified monomers may be 
used or a mixture of one such olefine with a 
minor proportion of a further la-olefine mono- 
mer particularly the higher unbranched a-ole- 120 
fines such as hexene-1, octene-1, and decene-1. 
The dispersion is effected at a temperature in 
the range 30 to 80°C and the effectiveness of 
the treatment is dependent on the combination 
of diluent and monomer used. With 4-methyl 125 
pentene-1, effective dispersion is obtained with 
cyclohexane or cyclohexene whilst with styrene 
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good dispersion is obtained in benzene. This 
technique of obtaining a dispersed catalyst is 
described and claimed in British Patent No. 
1,295,681. . 

5 The amount of monomer used in the pre- 
treatment will vary in dependence on the 
monomer, catalyst and temperature being used 
and up to 100 moles of monomer can be used 
if desired but in general up to 20 moles of 

10 monomer (or mixture of monomers) is suffi- 
cient to provide a finely dispersed catalyst 

The formation of the catalyst as a fine 
dispersion makes it particularly suitable fox 
continuous operation and continuous injection 

15 into the reactor since the fine particles can be 
pumped using a high pressure pump which 
would be damaged by the use of coarse par- 
ticles. 

Chain transfer agents such as hydrogen 

20 may, if desired, be used in the reaction to lower 
the molecular weight and hence raise the melt 
flow index of the product However, the mole- 
cular weight of the polymer product is depen- 
dent not only on the presence or absence of a 

25 chain transfer agent, but also on the reaction 
conditions, including the temperature, and in 
general the use of chain transfer agent is not 
necessary in the present polymerisation process 
since sufficient control of the molecular weight 

30 is obtained by varying the reaction conditions. 
The polymerisation process can be carried 
out as a batch operation but it is preferred 
to effect the polymerisation on a continuous 
basis. When operating an a continuous basis, 

35 the process may be carried out in a continuous 
stirred reactor or a continuous tubular reactor. 
The process may be carried out as a single 
zone process using a single reactor, or in a 
multi-zone process using either a number of 

40 reactors in series, optionally linked by coolers 
or a single reactor which is effectively divided 
internally into several zones, that is two or 
more zones. Under the reaction conditions 
usually employed, the catalyst is active for 

45 only a short time of the order of several 
seconds, for example 10 seconds, and thus in 
a multi-zone process it will normally be neces- 
sary to introduce the catalyst into more than 
one zone, The half-life of the catalyst utilised 

50 will depend on the reaction conditions, particu- 
larly temperature, and with longer catalyst life 
times, longer residence times of the monomers 
in the reactor will be required The polymer 
formed in the reactor reactors may be separ- 

55 ated from the unreacted monomers and pro- 
cessed in the normal high pressure fashion. 
The conversion of monomer to polymer based 
on the amount of catalyst used will be greater 
than in the more conventional Ziegler process 

60 using diluents at low pressure and in some 
cases the conversion may be sufficiently high 
for the removal of catalyst residues to be un- 
necessary. The unreacted propylene is mixed 
with a further quantity of propylene, repres- 

65 surised and recycled to the reactor. 



The catalyst is introduced by injecting it as 
a fine dispersion in a suitable inert liquid 
directly into the reactor. Suitable liquids in- 
clude, for example, white spirit, hydrocarbon 
oils, pentane, hexane, heptane, toluene, higher 70 
branched saturated aliphatic hydrocarbons and 
mixtures of such liquids, for example a mixture 
of branched saturated aliphatic hydrocarbons 
having a boiling point range 168 to 187°G 
The dispersion is kept out of contact with 75 
water and air, preferably under a nitrogen 
blanket, before it is introduced into the re- 
actor and the propylene also should be essen- 
tially free of water and oxygen. . firt 

The propylene homopolymers produced m so 
accordance with the present invention have 
properties similar to those of some ethylene/ 
vinyl acetate copolymers, but do not contain 
the polar monomer which gives such copoly- 
mers low thermal stability. The propylene 85 
polymers of the present invention are thus 
suitable for use in some of those applicauons 
which have been proposed for ethylene/vinyl 
acetate copolymers. In some applications the 
new propylene homopolymers may be more 90 
suitable than the ethylene/vinyl acetate copoly- 
mers which have a higher electrical power fac- 
tor than the hydrocarbon polymer s. 

The following examples are illustrative of 
the present invention. 

EXAMPLES 1—3. 

A catalyst based on titanium trichloride was 
used. The titanium trichloride catalyst com- 
ponent was prepared by reaction of TiO, and 
aluminum ethyl sesquichloride in a punned 100 
hydrocarbon fraction comprising a mixture of 
branched saturated aliphatic hydrocarbons hav- 
ing a boiling point range 170— 190°C A 
solution of the sesquichloride in this diluent 
was added gradually drop by drop, with stir- 105 
ring, to a solution of TiQ 4 in the same diluent 
over a period of several hours, the temperature 
being held at 0°C The molar ratio of total 
aluminium to titanium was approximately 1.6. 
The resulting slurry containing TiQs was sub- 110 
sequently heated for a period at 95°C The 
TiQj was then washed several times with fresh 
quantities of the diluent To a slurry of the 
titanium trichloride precipitate was added 
aluminium diethyl chloride in a molar propor- 115 
tion of alurninium to titanium of 4: 1. This 
system was then used to polymerise 4 moles 
of decene-1 per mole of titanium at 40°C to 
give a finely dispersed catalyst which was used 
for the polymerisation of propylene. 120 

^Propylene was introduced into a continuous 
stirred autoclave reactor under conditions of 
temperature and pressure as indicated in the 
table. The slurry of decene-1 treated catalyst 
was diluted to a concentration of about 0.01 M 125 
based on titanium by the addition of cyclo- 
hexene and the diluted catalyst slurry was then 
introduced into the reactor. 

The melt flow index (M.F.I.) of the polymer 
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7. A process according to any of claims 1 
to 6 wherein in the production of the amor- 
phous polymer up to 20 moles of monomer 
or monomers are polymerised per mole of 
transition metal in the transition metal com- 
pound* t 

8. A process according to any of the preced- 
ing claims whenever carried out on a contin- 
uous basis in more than one zone. 



9. A process for polymerising propylene 10 
substantially as hereinbefore described with 
reference to the examples. 

10. A propylene polymer whenever prepared 
by the method of any of the preceding clams. 

D. G. JAMES, 
Agent for the Applicants. 
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